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1  Long-Term  Goals 

This  proposal  describes  a  program  of  work  designed  to  contribute  to  the  Navy's  capabilities  in 
mastering  the  mine  warfare  problem  by  developing  and  demonstrating  fundamental  capabilities 
needed  for  an  Autonomous  Oceanographic  Sampling  Network  (AOSN).  This  includes  the  integra¬ 
tion  of  AUV,  ship,  and  moored  sensors  into  a  network  test  range.  This  range  will  support  the 
development,  testing,  and  demonstration  of  network  components  and  communication  capabilities. 
A  link  between  the  network  and  the  Internet  will  enable  remote  monitoring  and  interaction.  This 
test  range  will  include  acoustic  and  RF  modem  links.  A  set  of  network  communication  links  will 
be  implemented  and  demonstrated  in  turn  culminating  a  multi-node  network.  This  network  will 
provide  integrated  information  about  the  state  of  environmental  variables  pertinent  to  mine  recon¬ 
naissance  tasks  and  also  facilitate  adaptive  search,  survey,  and  sampling 

2  Objectives 

We  wish  to  address  the  implications  of  networking  elements  such  as  AUVs,  moorings,  and  sup¬ 
port  vessels  and  their  component  sub  systems  into  a  single  network.  As  our  capability  matures  we 
will  focus  on  cooperation  between  network  elements  for  more  effective  use  of  resources.  A  set  of 
network  communication  links  will  be  implemented  and  demonstrated  in  turn  culminating  in  a 
multi-node  network. 

Show  proof  of  concept  as  part  of  an  ATD  to  demonstrate  communication  between  an  AUV  and  a 
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Navy  Submarine 

3  Approach 

This  project  focuses  on  the  integration  of  sensors  and  systems  into  an  AOSN  type  network  based 
on  a  combination  of  wired,  RF  and  acoustic  modem  links.  This  project  implements  the  communi¬ 
cations  devices  and  provides  appropriate  interface  software  and  hardware.  The  primary  tasks  are 
to  implement  the  following  communication  links; 

AUV  to  Ship  via  RF 

Ship  to  Shore  via  RF 

Shore  to  Internet  Gateway 

AUV  to  Ship  via  acoustic  modem 

AUV  to  Mooring  via  acoustic  modem 

AUV  to  AUV  via  acoustic  modem 

Routed  Messaging  via  acoustic  modem 

FAU  in  collaboration  with  EdgeTech  developed  an  acoustic  modem  designed  for  highly  reliable 
communications.  This  modem  is  the  basis  of  the  acoustic  links  described  above.  The  modems 
have  a  protocol  that  enables  multiple  access  to  the  acoustic  channel  so  that  multiple  AUVs  and 
ships  may  communicate  at  the  same  time. 

In  addition,  a  modular  payload  section  is  used  to  house  WHOI/NUWC’s  high  speed  acoustic 
modem  to  support  acoustic  communications  experiments  between  an  AUV  and  a  support  vessel. 
This  experiment  will  lay  the  groundwork  for  eventual  AUV  to  Submarine  communications. 

Moreover  a  next  generation  version  of  the  EdgeTech  modem  will  provide  lower  cost,  smaller  size, 
and  higher  bandwidth. 

A  gateway  from  the  EONTalk  network  to  the  acoustic  modem  will  provide  virtually  transparent 
access  by  any  of  the  nodes  on  the  EonTalk  network  to  the  acoustic  channel.  This  consists  of  a 
SETA  and  custom  software  that  will  translate  the  EONTalk  protocol  messages  into  the  format 
required  by  the  acoustic  Modem. 

Once  the  network  is  in  operation,  large  amounts  of  geographically  based  data  will  be  generated  by 
the  AUVs  and  moored  sensors.  EAU  in  a  collaborative  NSE  funded  research  effort  with  CMU  has 
developed  an  annotated  map  building  system  (AMBS).  This  is  a  set  of  software  tools  for  geo¬ 
graphic  storage  and  retrieval  of  information.  We  will  use  these  tools  to  support  a  tactical  environ¬ 
mental  database  of  the  telemetry  returned  from  the  network.  Eventually,  a  synthetic  ocean 
environment  simulation  coupled  with  the  database  will  facilitate  the  characterization  of  environ¬ 
mental  structure  and  prototype  adaptive  sampling  strategies.  As  these  capabilities  mature,  adap¬ 
tive  and  cooperative  adaptive  sampling  strategies  will  be  developed  based  on  intelligent  control 
techniques  such  as  fuzzy  case  based  reasoning.  EAU  has  used  this  hybrid  approach  successfully  to 
develop  a  robust  reactive  navigation  system  for  an  UUV. 

4  Work  Completed 

Acquired,  integrated  and  tested  RE  Ethernet  modem  link  between  AUV  and  ship.  This  used  an 
Arlan  800kbps  modem  that  supports  tcp/ip.  Antennae  was  modified  to  support  in  water  use.  Soft¬ 
ware  was  developed  to  support  remote  monitoring  and  modification  of  any  variable  in  the  AUV 
shared  memory  database.  An  RE  Antennae  has  been  incorporated  into  the  mast  of  the  pop  up 
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DGPS  antennae.  This  new  RF  antennae  was  used  extensively  for  vehicle  communications  during 
the  AUV  Fest  (NAVO  hydrographic  survey  experiment). 

A  carrier  sense  multi-access  protocol  with  priority  based  arbitration  was  specified  by  FAU  and 
developed  in  collaboration  with  EdgeTech.  This  protocol  allows  a  configurable  number  of 
modems  to  reliably  share  the  same  acoustic  channel. 

Side  by  side  tests  of  the  Data  Sonics  and  EdgeTech  Acoustic  modems  were  conducted  off  the 
coast  of  Boca  Raton  in  shallow  water  under  a  variety  of  conditions.  Reliable  communications 
were  obtained  for  both  modems  over  ranges  of  up  to  1.8  km  based  on  the  conditions.  The 
EdgeTech  modem  was  selected  for  further  development  because  they  were  already  in  house  and 
supported  multiple  channel  access. 

The  EdgeTech  acoustic  modem  was  integrated  into  the  AUV  in  Eebruary.  Communications  were 
obtained  out  to  1  km  ranges.  Over  the  next  two  months  repeated  as  sea  trials  revealed  several  elec¬ 
tromechanical  assembly  and  manufacturing  defects  and  software  bugs  in  the  modem.  These  prob¬ 
lems  were  eventually  fixed.  In  April  we  performed  reliable  repeated  two  way  communications 
between  the  AUV  and  a  surface  ship.  The  AUV  mission  was  shut  down  remotely  using  a  com¬ 
mand  sent  with  the  acoustic  modem.  A  second  modem  was  integrated  into  another  AUV.  Repeated 
tests  refined  the  transmission  delays  used  in  the  protocol  to  increase  the  number  of  successful 
packets  and  throughput. 

A  COTS  EonTalk  powerline  transceiver  was  used  in  a  test  project  to  see  if  it  would  work  as  a  very 
low  cost  acoustic  modem  transceiver.  The  powerline  transceiver  uses  a  direct  sequence  spread 
spectrum  protocol  with  a  bandwidth  of  between  10  kHz  to  90  kHz.  A  coupling  circuit  and  off  the 
self  acoustic  transducers  were  used  in  the  test. 

The  NUWC  ACOMS  project  required  that  the  AUV  go  above  4  knots  to  accommodate  the  mini¬ 
mum  speeds  of  Navy  submarines.  In  response  a  set  of  speed  tests  were  conducted  in  concert  sev¬ 
eral  modifications  to  the  motor  controller  and  propeller  on  the  Ocean  Explorer  to  increase  its  top 
speed. 

One  of  the  Ocean  Explorer  tail  sections  was  sent  to  NUWC  in  July  for  self  noise  measurements  to 
determine  the  potential  interference  with  WHOENUWCs  high  speed  acoustic  modem. 

In  July  the  first  demonstration  off  simultaneous  multiple  AUV  to  ship,  and  Ship  to  AUV  acoustic 
communications  were  performed  (two  AUVs  one  ship).  Eater  in  July  the  first  multiple  AUV  to 
AUV,  AUV  to  ship,  and  ship  to  AUV  communications  were  performed. 

The  AUV  control  software  was  modified  to  allow  remote  command  of  the  AUV  over  the  acoustic 
modem  link.  An  efficient  scalable  binary  command  format  was  developed  that  allows  a  large  num¬ 
ber  of  commands  and  or  data  formats  to  be  transmitted. 

In  August  the  WHOENUWC  acoustic  modem  payload  was  integrated  into  the  OEX  and  at  sea 
operations  were  conducted  off  Eort  Eauderdale.  A  towed  array  was  used  as  a  receive  array  on  the 
AUV  for  high  speed  communications.  Both  high  and  low  bandwidth  communications  were  tested. 

In  September  as  part  of  the  NAVO  AUV  Eest.  The  new  acoustic  modem  command  software  was 
tested. 

In  October  more  advanced  tests  of  the  WHOENUWC  acoustic  modem  payload  were  conducted  at 
sea  in  Rhode  Island.  The  AUV  commands  were  ported  to  the  WHOENUWC  modem.  Due  to  its 
increased  bandwidth  and  packet  size  of  the  WHOI  modem  the  compact  binary  form  of  the  com¬ 
mands  was  not  required. 
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5  Results 

The  multiple  vehicle  acoustic  modem  tests  off  Boca  Raton  gave  reliable  performance  (over  85% 
of  packets  successfully  transmitted)  at  ranges  up  to  2  km  in  shallow  water. 

The  multiple  access  protocol  successfully  allowed  transparent  use  of  the  same  acoustic  bandwidth 
by  multiple  modems. 

The  EdgeTech  modem  protocol  emphasizes  reliability  over  bandwidth.  Each  packet  has  5  bytes  of 
usable  data.  The  rest  of  the  packet  contains  addressing  and  error  correction  information.  The 
effective  throughput  is  1  packet  every  second  or  less  depending  on  the  range.  However  because  of 
the  high  reliability  regular  use  of  the  acoustic  modem  in  AUV  operations  is  enabled. 

The  AUV  modem  command  software  was  used  to  remotely  control  the  AUV  throughout  an  entire 
mission.  In  addition  position  updates  sent  by  the  AUVs  in  the  Hydrographic  survey  proved  more 
reliable  than  the  Acoustic  tracking  system  and  provided  the  needed  confidence  to  continue  the 
mission  even  when  acoustic  tracking  was  lost. 

The  AUV  modem  commands  provided  regular  updates  of  vehicle  status,  position,  and  depth 
telemetry.  In  the  October  tests  with  the  WHOI/NUWC  modem  real  time  CTD  data  was  transmit¬ 
ted  along  with  more  vehicle  status  information.  The  WHOI  modem  regularly  sustained  data  rates 
as  high  as  10  kbps. 

The  major  differences  between  the  two  modems  besides  data  rate  are  larger  size,  cost,  &  power 
requirements  for  the  WHOI  modem.  Certainly  in  any  AOSN  scenario  both  types  of  modems  have 
cost  effective  applications. 

The  very  low  cost  powerline  transceiver  modem  repeatedly  provided  communications  at  over  2 
kbps  up  to  150  m.  Given  that  the  powerline  transceiver  itself  is  under  $100  the  potential  exists  for 
expendable  short  range  acoustic  modems  with  the  major  cost  being  the  acoustic  transducer. 

The  new  small  size  low  cost  spread  spectrum  EAU/EdgeTech  acoustic  modem  has  completed  pro¬ 
totype  testing.  The  final  versions  should  be  available  for  at  sea  testing  before  the  end  of  the  year. 

6  Impact/Applications 

Eow  cost  networking  of  AUVs  has  the  potential  to  revolutionize  the  way  data  is  collected  in  shal¬ 
low  water  both  for  oceanographic  and  military  missions. 

The  acoustic  and  RE  modem  communications  capabilities  we  have  demonstrated  satisfies  the 
related  NAVO  requirements  for  AUV  hydrographic  survey. 

The  basic  acoustic  communications  technology  infrastructure  needed  for  AOSN  is  now  devel¬ 
oped.  What  remains  is  the  development  of  control  strategies  and  software  to  make  Multi-AUV 
Cooperative  adaptive  sampling  missions  possible 

7  Transitions 

The  ONR  ACOMS  ATD  is  well  on  its  way  to  demonstrating  AUV  to  Submarine  acoustic  commu¬ 
nications.  The  follow  on  to  the  ATD  completion  would  be  integration  into  the  fleet. 

8  Related  Projects 

AUV  Navigation  and  Self-Motion  in  Shallow  Water,  ONR. 

Autonomous  Oceanographic  Sampling  Network  Development,  ONR. 
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